Acanthamoebae are small free-living amoebae with a life cycle characterized by a trophozoite stage and a cyst stage (25, 26) . These organisms are common in the environment and have been isolated from soil, natural and man-made aquatic sites, and the atmosphere (16, 25, 27) . Acanthamoebae are increasingly being recognized as a cause of severe sight-threatening keratitis (12, 28) . Since the disease was first recognized (13) , several hundred cases have been reported, mostly from the United States (29) . Contact lens wearers appear most at risk from infection (20, 28) , accounting for approximately 85% of cases (29) . Poor hygiene practices, notably the preparation of homemade saline rinsing solutions, are recognized risk factors among contact lens wearers (20, 28) .
Although Acanthamoeba keratitis may be routinely diagnosed by the culture or microscopic examination of clinical material (32) , the identification of species involved in the disease is unclear. The taxonomic classification of the members of the genus Acanthamoeba is derived from morphological observations of the trophozoite and cyst forms of these organisms (25, 26) . The most detailed study is that of Pussard and Pons, who recognized 18 species that were assigned to three morphological groups (26) . While this classification clearly defines the genus, the variation in cyst morphology seen even within cloned strains makes the identification of many described species a subjective and unreliable process (11, 31, 33) . This has prompted the investigation of other methods for the differentiation of acanthamoebae. Isoenzyme electrophoresis (8, 11) and restriction endonuclease digestion of mitochondrial DNA (mtDNA) or whole-cell DNA (3, 4, 7, 19) have proved most useful in this respect. These methods have all demonstrated wide interstrain variation within species and also similarities between strains of separate species (7, 11 (13, 14, 22) and Ac/PHL/29 (CCAP 1501/la, Neff Strain) has been identified as Acanthamoeba castellanii (23) . The two contact lens storage case isolates, Ac/PHL/30 and Ac/PHL/31, were isolated from asymptomatic patients and found to be cytopathogenic for Vero tissue culture cells at 32°C (14) . Trophozoites were adapted to axenic culture in Chang's serum-casein-glucose-yeast extract medium (1) , which was modified in this study by the inclusion of 0.1% filter-sterilized Panmede liver digest (Paines & Byrne Ltd., Greenford, England) and maintained in tissue culture flasks (GIBCO, Uxbridge, Middlesex, England) at 32°C. DNA isolation. Approximately 5 x 107 trophozoites of each strain were used for DNA isolation. Late-log-phase cultures were concentrated by centrifugation at 500 x g for 10 min at room temperature and suspended in 5 ml of cell lysis buffer (100 mM disodium EDTA, 100 mM NaCI, 10 mM Tris hydrochloride [pH 8.0]). Proteinase K (20 mg/ml) was added to a final concentration of 300 ,ug/ml, and the cells were lysed in 1% Sarkosyl (20%, wt/vol). After gentle mixing by inversion, the lysates were incubated at 56°C for a period ranging from 4 h to overnight. The samples were then chilled on ice for 5 min and extracted twice by gentle mixing for 5 min with equal volumes of phenol-chloroform-isoamyl alcohol (25:24:1) and once with chloroform-isoamyl alcohol (24:1). After each extraction, the aqueous and organic phases were separated by centrifugation at 2,000 x g for 15 min at room temperature, and the upper aqueous phase was retained. Nucleic acids were precipitated by the addition of an equal volume of isopropanol and holding at -20°C for a period ranging from 1 h to overnight (18) . The precipitate was pelleted by centrifugation at 2,000 x g for 10 min at room temperature and dissolved in 5 ml of TE buffer (10 
RESULTS
Digestion of Acanthamoeba whole-cell DNA with the restriction endonucleases BamHI, KpnI, and PstI resulted in only a smearing of DNA after agarose gel electrophoresis and staining with ethidium bromide (result not shown). Increasing the restriction endonuclease concentration and incubation time did not alter this effect. In contrast, samples digested with BgII, EcoRI, and Hindlll produced discrete bands of DNA that enabled specific RFLPs to be detected ( Fig. 1 and 2 ). This permitted the strains to be assigned to seven multiple-strain and three single-strain RFLP groups that were consistent for each restriction endonuclease used (Fig. 3 to 5 ). Of the 33 (26) and A. culbertsoni of morphological group III have been described as causing keratitis. The 33 strains examined in this study formed cysts typical of group II Acanthamoeba spp. and resembled A. polyphaga or possibly A. castellanii (25, 26) , as the differentiation of these species by this means is considered subjective (11, 31, 33) . Using restriction endonuclease digestion of Acanthamoeba whole-cell DNA, we were able to detect RFLPs that differentiated these strains into seven multiple-strain and three single-strain groups labeled A through J directly by agarose gel electrophoresis. Of these, group A contained the largest number of strains (nine), of which eight were isolated from keratitis cases in various locations worldwide. This group may therefore indicate the type most frequently associated with keratitis through either a greater prevalence in the environment or increased virulence for corneas.
Although Acanthamoeba keratitis has been successfully Table 3 ).
FIG. 5 . Differentiation of Acanthamoeba strains by BgII RFLP groups (see Table 3 ). treated with propamidine isethionate (35) , the disease frequently necessitates surgical intervention (6, 34) . Reports on the susceptibility of Acanthamoeba strains to chemotherapeutic agents and contact lens disinfectants often give conflicting results (5, 6, 9, 17, 21, 35 thamoeba whole-cell DNA gives rise to RFLPs originating from mtDNA. The reason for the failure of the restriction endonucleases BamHI, KpnI, and PstI to cleave the mtDNA in the Acanthamoeba whole-cell DNA samples is not known. This failure may be due to the absence of endonuclease sequence recognition sites on the mtDNA or due to methylation of the sites, which would render them resistant to digestion (24) .
In conclusion, restriction endonuclease digestion of whole-cell DNA is a potent technique for differentiating morphologically identical Acanthamoeba strains by the detection of mtDNA RFLPs. Although this study was not intended to be a taxonomic investigation of the acanthamoebae, four strains of A. polyphaga and one of A. castellanji that had been identified by cyst morphology were included. Of these, only two of the four strains of A. polyphaga showed identical RFLPs, while the one strain of A. castellanii was found to have a unique RFLP profile. It is therefore unclear whether Acanthamoeba mtDNA RFLPs indicate intra-or interspecies differences. Future studies will address this problem with a larger number of strains of the presently described species of the genus.
